Effects of artificial acidification with sulphuric acid on tree growth in Scots pine forest 
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Experimental sites 


The Norrliden field experiment is situated on a relatively 
flat area of glacial till at an altitude of 260 m, lat. N. 64°. 5. 
The pine stand was planted in 1953 after cutting a spruce- 
dominated old stand (in 1951) and prescribed burning (in 
1952). The lesser vegetation is still in a successional stage after 
burning but develops towards a typical North-Swedish 
moss-rich forest with Vaccinium vitis idaea and V. Myrtillus as 
dominating dwarf shrubs' . 

The Lisselbo field experiment is situated on a glacifluvial 
sandy deposit with the groundwater level well below the 
rooting zone. The lesser vegetation is dominated by dwarf 
shrubs (Calluna vulgaris in particular), lichens and mosses, The 
experimental stand was established partly spontaneously, 
partly by sowing after extensive wind-felling in 1954. Alti- 
tude 80 m, lat. N. 60°.5. The soil profile is a podsol, with a 
thin and irregular A, horizon? . ‘ 

- Applications of acid and fertilizers appear in Table 1-2. 
The high concentration of acid has damaged the lesser vege- 
tation, especially at high levels or when combined with fer- 
tilizers, and therefore it was decided in 1976 to discontinue 
the acid application and study the aftereffects on the eco- 
system, since it had been established that certain chemical 
changes had taken place*. The ground vegetation now slow- 
ly recovers, except that the fertilization favours plants like 
Deschampsia flexuosa and. Chamaenerion angustifolium 
(more at Norrliden than at Lisselbo) instead of mosses and 
lichens. 


Results 


The Norfliden řesults for basal area growth (BAG) are pre- 
sented in Figure 1. As the individual plots show a consider- 
able variation and. there is a positive correlation between curt- 
rent growth (in volume or basal area) and the initial status of. 
the plot (in volume or basal area), the statistical significance 
of the regression "between growth and amount.of acid can be 
improved by the-analysis of covariance, Which also permits a 
calculation of plot values adjusted for the differences in ini- 
tial basal area or-volume. : 

The data in’; Figure 1 are adjusted in this way and show 
that, on unfertilized plots, there is avsignificant increase in 
pine growth with increasing supply of acid (r partial = 
0.68*). Fertilized plots, on the other hand show a signifi- 
cant decrease in growth with increasing acid supply (r partial 
=0.75**). The growth effect of fertilizer is highly significant 
and numerically larger than the acid effect. 

The Lisselbo experiment is smaller than the Norrliden ex- 
periment; The measuring period is shorter, and the first stand 
measurement was made two years after the start of the acidi- 
fication (only height data are available from the start). Hence 
the experiment cannot be expected to give as reliable data as 
the Norrliden experiment. However, a corresponding calcula- 
tion gives trends in the same direction as at Norrliden. 

The apparent positive effect of acid on tree growth is 
somewhat surprising, although similar effects have been repor- 
ted from Norway* and USA‘, in the latter case with acid 
rain containing some nitric acid. 
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Table 1. Norrliden field experiment. Applications of acid and ferti 
zers. 


Element, kg/ha 


Treatments given to H250, aN P K ge Ca (as Caco,) 
triplicate plots total application” total application” application 
30mx 30m 1971-76 1971-79 1971 
Control, no treatment = 7 = $ 

Acid 1 300 > Š = : 
Acid 2 600 as 4 
Acid 3 900 = > s = 
Lime - - = 1960 
NPK < 780 120 232 = 
NPK Acid 1 300 780 120 232 2 
NPK Acid 2 500 780 120 232 Š 
NPK Acid 3 900 780 120 232 
NPK + Lime z 780 420 232 1960 


“Annual application 50, 100, or 150 kg/ha H2504 or 16-3, 32.7, or 49.0 kg/ha 
**annual application of N as ammonium nitrate, PK applied in 1971, 74, and 77 
The acid was first watered out with a can in a solution containing 0.8 per 
cent HS0, (by weight), followed by the same amount of water. In later years 
the acid was sprayed out with a pump, also followed by an equal amount of - 
water. Half the number of plots were fertilized, broadcast application. 


Table 2. Lisselbo field experiment. Applications of acid and ferti 
Zers. 


Element, kg/ha 


Treatments given to Hy SO, Pan P K se Ca (as CaC0,) 
duplicate plots total application” total application” application 
30m x 30m 1969-76 1969-77 1971 
Control, no treatment ʻ = ~ = = 
Acid 1 350 - a - 
Acid 2 750 - - - - 
Lime - + - - 1960 
NPK - 720 14 270 - 
NPK Acid 1 350 720 440 270s - 
NPK + Acid 2 750 720 140 270 - 
NPK + Lime - 720 140 270 1960 


"Annua? application 50 or 100 kg/ha H2504 (16.3 or 32.7 kg/ha S) 
(cf. Table 1, footnote) 


“annua application of N as ammonium nitrate, PK applied in 1969, 72, 75, and 
n. : ; 


However, as has been shown earlier“ the immediate effect: 
of acid supply may be an increase in available ammonia 
the soil. Bååth et al.” have shown that the activity of several 
organisms or groups of organisms, including fungi and bac: 
teria, has decreased on acidified Norrliden plots. As said in thé 
description of the experiment, the vegetation on the plots 
has suffered considerable damage from the acid application 

A possible explanation of the effects is thus a reduction 
the competition for nutrients (and possibly water) betwee! 
trees and other organisms (dwarf shrubs, mosses, lichens, and 
microorganisms). The negative effect on the fertilized plots 
may then be interpreted as genuine acid damage. 

However, the acid was applied in relatively high concen 
tration, meaning a partial sterilization of at least the hum 


and possibly chemical reactions not occurring at pH val- 

ociated with acid rain. The mechanisms causing the 
h effects in the treatment might not necessarily be the 
e as those operating in the case of acid precipitation. As 
last application of acid was given in 1976 and vegetation 
w recovering, it will be of considerable interest to study 
tree growth during the next revision period. 


RENCES: 


Holmen, Å. Nilsson, B. Popovic and G. Wiklander, Research 
es, Dep. of Forest Ecol. and Forest Soils, Royal College of 
estry, Stockholm, 1976, 26. 
. Tamm, A. Nilsson and G. Wiklander, Research Notes, Dep. 
Forest Ecol. and Forest Soils, Royal College of Forestry, 
Ckholm, 1974, 18. 
Farrell, 1. Nilsson, C.O. Tamm and G. Wiklander, Proc., Int. 
nf. ecol. impact acid precip., Norway 1980, SNSF-project. 
Tveite and G. Abrahamsen in ‘Effects of acid precipitation on 
errestrial ecosystems’, Hutchinson and Havas, London, 1980, 
05. 

. Bormann and T. Wood, Water, Air and Soil Polluction 1977, 
79. 
Popovic, Water, Air and Soil Polluction 1977, 8, 80. 

Baath, B. Berg, U. Lohm, B. Lundgren, H. Lundqvist, T. Ross- 
all, B. Söderström, A. Wiren, Pedobiologia, 1980, 20 (in press). 


189 


A fertilized 
O unfertilized 


o Acid1 


Acid2 Acid3 


Figure 1. Experiment E57, Norrliden. Effect of sulphuric acid supply 
on basal area growth, BAG, 1971-1979 in young pine forest. BAG 
values adjusted for differences in initial BA. 


